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A MICROPROCESSOR APPLICATION TO A STRAPDOWN LASER GYRO NAVIGATOR 

C. Giardina and E. Luxford 
The Singer Company-Kearfott Division 
Little Falls, New Jersey 

This paper is concerned with replacing analog circuit control loops 
for laser gyros (path length control, cross axis temperature compensa- 
tion loops, dither servo and current regulators), with digital filters 

residing in microcomputers. The object of using this type of design 
is to improve on system reliability (through part count reduction) , 
reduce size and power requirements, and therefore, improve on system 
performance. Consistent replication in the design is a further 
benefit derived by replacing analog components with digital software. 

In addition to the control loops, a discussion will be given on 
applying the microprocessor hardware to compensation for coning and 
skulling motion where simple algorithms are processed at high speeds 
to compensate component output data (digital pulses) for linear and 
angular vibration motions. 

Highlights are given on the methodology and system approaches used 
in replacing differential equations describing the analog system 
in terras of the mechanized difference equations of the microprocessor. 
Here standard one for one frequency domain techniques are employed 
in replacing analog transfer functions by their transform counterparts 
Direct digital design techniques are also discussed along with their 
associated benefits. Time and memory loading analyses are also sum- 
marized, as well as signal and microprocessor architecture utilized 
to do the "best job" . 

Trade offs in algorithm, mechanization, tirce/memory loading, 
accuracy and microprocessor architecture are also given. 
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RLG CONTROL LOOPS 


PERFORMANCE INFORMATION 


Loop 

Purpose of Loop 

Method of Improving Performance 

Required Control | 

Loop Bandwidth j 

Dither 

Eliminate damping in 
dither spring mecha- 
nism 

Overcome backscattered light between 
two beams due to mirror (reflector) 
imperfections and thereby circumvent 
lock-in 

Moderate when compared 
to microcomputer speeds 

Current 

Regulator 

Balance anode currents 

Minimize drift due to gas flow in 
laser cavity 

Long when compared to 
microcomputer speeds 

Path Length 
Control 

Maintain path length 
in cavity at an in- 
tegral number of 
wave lengths 

Minimize drift due to temperature 
variation of block 

Long when compared to 
microcomputer speeds 

I 

Hi 

Center beam in cavity 

Minimize drift due to temperature 
variation of block 

Long when compared to 
microcomputer speeds 

Variable 
Beam Inten- 
sity Corrector 

Locate mirrors to 
minimize total back- 
scatter "vector" from 
the three mirrors 
(thereby reducing 
effective lock-in 
level) 

Minimize output random noise 
. resulting from dither 

Long when compared to 
microcomputer speeds 


RLG CONTROL LOOPS - OBSERVABLES AND METHOD OF CONTROL COMPARISON 


Loop 

Observed Signal 

Control Signal 

Method of Obser 
Analog 

ving Signal 
Digital 

Dither 

Dither Amplitude 

Force applied to gyro 
dither spring through 
voltage applied to PZT 
device 

Full wave recti- 
fied dither ampli- 
tude 

Measurement of 
peak dither ampli- 
tude through succes- 
sive measurement of 
amplitude 

Current 

Regulator 

Difference in anode 
currents 

Base voltage applied 
to control transistor 

Output voltage 
from difference 
amplifier repre- 
senting difference 
current 

Same as analog 

Path Length 
Control 

Beam intensity 

Force applied to 
movable mirror 
through voltage 
applied to PZT device 

• 

Rectification of a 
carrier signal mod- 
ulating beam inten- 
sity 

Measurement of beam 
intensity variation 
with path length 
variation through 
successive iterations 
of path length 

Cross Axis 

Temperature 

Compensator 

Beam Intensity 

Force applied to gyro 
block through voltage 
applied to PZT device 

Rectification of a 
carrier signal mod- 
ulating beam inten- 
sity 

■ 

Measurement of beam 
intensity variation 
with force applied to 
the block through suc- 
cessive iterations of 
that applied force 

Variable 

Beam 

Itensity 

Corrector 

Variation in beam 
intensity (distor- 
tion) as gyro period- 
ically locks in during 
dither reversals. 
Variation usually 
occurs only with a 
given gyro turn-on. 

Force applied to a 
set of two movable 
mirrors through 
voltages applied to 
PZT devices 

Rectification of a 
carrier signal mod- 
ulating "winking” 
amplitude 

Measurement of "wink- 
ing" signal through 
successive iterations 
of position of two 
movable mirrors. The 
signal amplitude will 
be determined through 
direct integration. 


74 

























































Ml? 



















5£ :t 

COUNT 

= as 


rNpcr 

SIN 


Digital Dithfr. L 


fcXTTiCWAL 'kCv-pmal. 
Lcct !>o C^fiJsAfiiJ'4 


FIND 

nAX 


LET 

-f = V WP -M«| 


r 


COUNT 

COUNT - 1. 


' SET \ 

2 = * / 
“jYti 7 

/IS \ Yci 
COUNT/ “1 


Electronics Circuit Board Area 
Required for this Function 


Number of parts 


Reliability 
(Predicted) 
failure rate X = 
failures per 10® hrs 


REDUCTION IN SYSTEM COMPLEXITY AND COST SAVINGS 


Analog 


* 250 in 2 


1400 discrete parts 


$4000 


200 
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